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Trends in Hospitalization for Diabetic Ketoacidosis in
Diabetic Patients in Taiwan: Analysis of National
Claims Data, 1997–2005
Chih-Ching Liu,1,2 Kai-Ren Chen,2 Hua-Fen Chen,3 Hsiu-Li Huang,4 Ming-Chung Ko,5†* Chung-Yi Li6†
Background/Purpose: Diabetic ketoacidosis (DKA) is a fatal complication of diabetes, and is strongly 
related to the quality of diabetes care. This study aimed to establish recent secular trends of incidence 
density (ID) of DKA in patients with diabetes in Taiwan and to explore the effects of age and sex on the
risk of a DKA emergency.
Methods: Using the National Health Insurance claims data, we identified annual diabetic cohorts (around
650,000 diabetic patients annually) from 1997 to 2005, and searched for possible admissions due to DKA
emergencies. We performed log-linear regression analysis to assess the trend in ID of DKA and to assess the
independent effects of age and sex on the risk of DKA. 
Results: Although the annual ID of DKA showed a slight but significant declining trend over the study 
period, from 6/1000 to 5/1000 person–years, the age/sex-specific analysis indicated that female patients
aged ≤ 34 years showed a significantly increasing trend. Multivariate analysis revealed that calendar year
and sex had significant but small independent effects on risk of DKA admission. In contrast, age was
strongly associated with risk of DKA emergency. Compared with patients aged > 65 years, notably high 
adjusted rate ratios (ARRs) of DKA were observed in patients aged < 15 years (ARR = 48.84) and 15–34
years (ARR = 15.21).
Conclusion: Although the overall ID of DKA linearly decreased between 1997 and 2005, significant rising
trends were still observed in female diabetic patients aged < 35 years. More aggressive diabetic care pro-
grams aimed at young female patients should be considered to reduce this emergency and possibly fatal
diabetic complications.
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Diabetic ketoacidosis (DKA) is an acute and life-
threatening complication of diabetes mellitus,1
which is also associated with a significant increase
in healthcare costs for diabetic patients.2 Until the
discovery of insulin in 1922, the case-fatality rate
for DKA was virtually 100%. By 1932, the case-
fatality rate decreased to approximately 30% and
reached single digits in the 1960s in most devel-
oped countries.3–5 This acute and possibly fatal
emergency complication can occur in both type 1
and type 2 diabetes, and the case-fatality rate in pa-
tients with DKA is normally < 5% in experienced
centers.6 The prognosis of DKA can be substantially
worsened at the extremes of age and in the presence
of coma and hypotension.7
Contrary to a consistent decrease in case-fatality
rate, several studies have reported no decrease8 or
even an increase in incidence of DKA9,10 over the
past two decades. A recent national survey con-
ducted by the United States Centers for Disease
Control has reported that the number of hospi-
talizations for DKA has increased during the past
two decades in the United States.10 Currently, DKA
still appears in 4–9% of all hospital discharge
summaries among patients with diabetes.9,11,12
In Taiwan, the mortality rate associated with
diabetes mellitus has almost doubled over the past
10 years.13 There is also an increasing trend for
childhood diabetes in Taiwan.14 Despite this, little
information has been available in Taiwan regard-
ing the incidence of DKA in diabetic patients, es-
pecially those of younger age who are even more
vulnerable to this fatal emergency. A cross-sectional
clinic-based study of 2312 children and adolescents
(aged <18 years; 45% male) from 11 nations in the
Western Pacific Region, including Taiwan, has re-
ported a DKA incidence of around 100 per 1000
patient–years (PYs).15 However, population-based
data for DKA incidence and sex- and age-specific
incidence data for DKA are scarce in Taiwan.
The present population-based study was there-
fore conducted, using national insurance claims
data, to demonstrate the overall and age- and sex-
specific trends, from 1997 to 2005, for annual inci-
dence density (ID) of hospitalization due to DKA
in the diabetic population in Taiwan. The study
also aimed to explore how age and sex might inde-
pendently affect the ID of DKA.
Materials and Methods
Study design and data sources 
This was a descriptive epidemiological study of
DKA among the diabetic population in Taiwan.
Data were obtained from Taiwan’s National Health
Insurance (NHI) database, which has been rou-
tinely collected by the National Health Research
Institutes, and is supervised by the state-run Bureau
of National Health Insurance (BNHI). A uni-
versal NHI program has been implemented in
Taiwan since March 1995. Some (96%) of the total
Taiwanese population has enrolled in the NHI pro-
gram. By the end of 1996, the BNHI had made a
contract with 97% of hospitals and clinics through-
out the nation.16 To ensure the accuracy of the
claims data, the BNHI performs quarterly expert
reviews on a random sample of every 50–100 am-
bulatory and inpatient claims in each hospital
and clinic, and false diagnostic reports generate a
severe penalty from the BNHI.17 With the ethical
approval of the National Health Research Insti-
tutes, we used data for ambulatory care claims
(1997–2006) and all inpatient claims (1997–
2005) for this study. The NHI datasets can be in-
terlinked through each individual’s personal
identification number.
From diabetic ambulatory care claims records,
we identified patients with a diabetes-related di-
agnosis coded with an International Classification
of Diseases, 9th Revision, Clinical Modification
(ICD-9 CM) code of 250 or A-code 181. An indi-
vidual was classified as a diabetic patient if he or
she had an initial diabetes diagnosis in each year
(1997–2005), and then experienced another one
or more diagnoses within the subsequent 12
months. Moreover, the first and last outpatient
visits during the 12-month period had to be at least
30 days apart to avoid accidental inclusion of mis-
coded patients.18 We excluded those patients
with diagnoses other than diabetes (ICD-9 CM
code of 250 or A-code 181), such as ICD-9 648.8
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(gestational diabetes) and ICD-9: 790.2 (abnormal
glucose tolerance test) in diabetic ambulatory care
claims records. From 1997 to 2005, the number
of patients in the study cohort for each year was
500,867, 556,514, 592,117, 622,273, 663,187,
689,424, 703,392, 751,193, and 782,027, respec-
tively. Information on sex, age at first outpatient
visit in each year was also recorded. The annual
cohort was thereafter linked to the inpatient data
of the same year, searching for an individual’s
possible hospitalization due to DKA (ICD-9-CM:
250.1). The annual size of the population in
Taiwan estimated from the NHI beneficiary data
from 1997 to 2005 was 21,407,493, 21,680,686,
21,960,221, 22,176,542, 22,517,985, 22,457,210,
22,304,568, 21,978,877, and 22,658,739, respec-
tively. The purpose of direct age-standardization in
our study was to adjust for age compositions that
were dissimilarly distributed between the popula-
tions being compared. In that sense, the pattern
of secular trends in age-standardized annual ID
was not affected by whatever standard popula-
tion was chosen for the standardization process.
Statistical analysis
Annual crude ID of DKA admission was calculated
as the number of hospitalized individuals with
DKA divided by the size of the diabetic population
in each year. The number of diabetic subjects for
each year was considered as the mid-year popu-
lation, therefore, the diabetic subjects were pre-
sumably observed for 1 year on average, which
contributed to the number of PYs used as the de-
nominator of the ID. The age- and sex-specific IDs
were calculated as the number of cases in the spe-
cific age/sex-specific subgroup divided by the
number of diabetic patients in that subgroup. To
compare the secular trend of DKA admission, we
calculated, using the direct standardized method,19
the age- and sex-standardized ID of DKA admis-
sion. The age/sex-specific number of the 1997 di-
abetes cohort was used as the standard population.
Trends of overall standardized ID, age-standardized
sex-specific ID, and age/sex-specific ID were then
presented graphically. The age of each study subject
was estimated by the difference in time between
the date of initial hospitalization in each year and
the date of birth. To obtain reliable estimates of
age-specific ID, we categorized age into to six
groups (< 15, 15–19, 20–34, 35–49, 50–64, and
≥ 65 years). We treated all study subjects aged
≤ 15 years to avoid even greater fluctuation in the
graphic presentation of annual age-specific ID. We
also calculated the percentage change in ID of DKA
admission between 1997 and 2005. A simple log-
linear regression analysis with Poison assumption
was used to assess the significance of linear trends
in annual ID of DKA admission. 
We also performed multivariate log-linear
analysis to assess the independent effects of calen-
dar year, age, and sex simultaneously on the vari-
ation of DKA hospitalization rates over the study
period. The multivariate log-linear model, with the
natural logarithm of incidence rates as the depend-
ent variable, was used to fit grouped data from
nine calendar periods, namely, 1997, 1998, 1999,
2000, 2001, 2002, 2003, 2004, and 2005); eight age
groups (< 5, 5–9, 10–14, 15–19, 20–34, 35–49,
50–64, and ≥ 65 years); and the two sex groups.
The model specification for the multivariate
log-linear model was:
Log(μ) = β0 + β1Xc1 + β2Xc2 + β3Xc3 + β4Xc4 +
β5Xc5 + β6Xc6 + β7Xc7 + β8Xc8 + β9Xa1 + β10Xa2 + β11
Xa3 + β12Xa4 + β13Xa5 + β14Xa6 + β15Xa7 + β16Xs1 + ε
where Xc1 to Xc8, Xa1 to Xa7, and Xs1 were dummy
variables for calendar year (9 years), age groups
(8 groups), and sex (male/female).
Children and adolescent diabetic patients were
at higher risk of developing DKA, therefore, we
categorized younger age groups into to narrower
age groups such as < 5, 5–9, 10–14, and 15–19
years in the multivariate regression model, which
could manage data more efficiently. Eight and
seven dummy variables were created to indicate
calendar periods and age groups, respectively. 1997
and ≥ 65 years were used as reference groups. The
ratio of ID was estimated using the formula em,
where m was the regression coefficient. The log-
linear model was also used to test for dose gradi-
ent influence of calendar year and age on the rate
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of DKA admission. A p value < 0.05 was consid-
ered to be statistically significant. The statistical
analysis was performed by SAS version 9.1 (SAS
Institute, Cary, NC, USA) and the graphs were
drawn with OriginPro version 7.0 (OriginLab
Corporation, Northampton, and Wellesley Hills,
MA, USA).
Results
Descriptive statistics and trend analysis
A total of 31,842 patients with DKA admission
were identified from 1997 to 2005 in Taiwan, with
an average crude annual ID of DKA of 5.4 per
1000 PYs. During the study period, the annual ID
of DKA admission showed a significantly de-
creasing trend (β = –0.0091, p < 0.001), from 6/
1000 PYs in 1997 to 5/1000 PYs in 2005 (Table
1). The annual age/sex-standardized and age-
standardized IDs for both male and female pa-
tients, although variant, were generally decreasing
over the study period (Figure 1). Table 1 also shows
the age/sex-specific IDs. A significant downward
trend was noted among patients aged ≥ 35 years,
Table 1. Annual incidence density of diabetic ketoacidosis admission and secular trend in Taiwan, 1997–2005
Calendar year
Group
1997 1998 1999 2000 2001 2002 2003 2004 2005
Change (%)* Trend test β
Men
< 15 152.0 137.9 133.2 186.1 153.7 169.9 147.3 135.1 143.4 –5.4 –0.0056
15–19 117.8 79.1 108.9 76.7 96.0 84.6 101.0 115.8 122.0 3.5 0.0222
20–34 49.6 46.9 48.2 47.3 48.9 50.1 57.0 48.5 44.3 –10.7 –0.0002
35–49 11.7 11.3 11.0 10.5 10.8 11.1 10.5 10.2 9.6 –17.8 –0.0186†
50–64 3.7 3.7 3.6 2.9 3.2 3.3 3.7 3.1 2.9 –20.6 –0.0212†
≥ 65 2.9 2.9 2.7 2.9 2.5 2.5 2.7 2.7 2.7 –5.1 –0.0076
Women
< 15 142.0 156.6 227.9 167.1 204.4 253.7 265.8 199.2 262.8 85.1 0.0501†
15–19 131.1 123.9 132.9 152.0 178.2 146.8 176.1 199.2 235.3 79.4 0.0744†
20–34 39.5 35.0 40.2 41.3 41.8 56.3 54.4 53.2 51.1 29.4 0.0519†
35–49 8.9 8.1 8.3 8.3 9.2 9.0 8.1 7.7 7.9 –11.8 0.0211†
50–64 3.4 3.2 3.1 2.6 2.6 2.6 3.0 2.5 2.5 –26.1 0.0289†
≥ 65 3.6 3.8 3.3 3.1 2.9 2.9 2.6 2.6 2.3 –36.3 –0.0576†
Overall 6.0 5.7 5.6 5.3 5.4 5.5 5.5 5.2 5.0 –16.4 –0.0091†
*Percentage change in diabetic ketoacidosis admission rate between 1997 and 2005; †p for linear trend test < 0.05.
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Figure 1. Overall and sex-specific age standardized inci-
dence density of diabetic ketoacidosis.
irrespective of sex, with the greatest reduction in ID
for those aged 50–60 years (male: –20.6%; female:
–36.3%). In contrast, we noted a significant and
clear rising trend in female patients aged <35 years.
The greatest percentage change (85.1%) was noted
in female children, and ranged from 142.0/1000
PYs in 1997 to 262.8/1000 PYs in 2005. The cor-
responding figures for adolescent (15–19 years)
female patients and adult patients aged 20–34
years were 79.4% and 29.4%. We did not find a
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significant secular trend in the rate of DKA ad-
mission among young male patients. Figure 2
presents the annual age/sex-specific ID graphi-
cally. The ID (per 1000 PYs) of DKA was consis-
tently higher in children and adolescent diabetic
patients aged < 15 years [150.6, 95% confidence
interval (CI) = 150.5–150.6 in boys; and 211.6,
95% CI = 211.5–211.6 in girls] than in older pa-
tients ≥65 years (2.7, 95% CI=2.7–2.8 in men and
2.9, 95% CI = 2.9–3.0 in women). A rising trend
was observed in female children and adolescent
patients.
Multivariate Poisson regression analysis
The independent effects of calendar year, age,
and sex on the ID of DKA admission are shown
in Table 1. There was a small but significant varia-
tion in ID of DKA over the 9-year study period.
Compared with 1997, all subsequent years were
all associated with a reduced adjusted rate ratio
(ARR) that ranged from 0.89 to 0.99. The ARRs for
2000, 2001, 2004, and 2005 were statistically sig-
nificant. Both age and sex also had independent
effects on ID of DKA admission. Compared with
elderly patients, very high ARRs (62.77–91.25)
were observed in children and adolescent diabetic
patients. Additionally, the trend test revealed a
significant and inverse gradient relationship be-
tween age and ARR of DKA admission. Although
the significance was only slight, male patients were
still significantly associated with an increased risk
of DKA admission (ARR = 1.04, p = 0.0001) (Table
2). The rate of readmission in the same year for
patients with a discharge of DKA in each year was
11.5–13.4%, and the in-hospital mortality rate
was 1.1–2.0% from 1997 to 2005 (Table 3). In ad-
dition, the frequency of outpatient visits between
DKA and non-DKA patients was 13.5 ± 8.5 times
and 11.6 ± 7.1 times per year, respectively.
Discussion
The annual ID of DKA admission was in the
range of 5.0–6.0 per 10,000 PYs during the past
decade in Taiwan. These numbers are much higher
than those reported from certain Nordic studies
(0.6–1.3 per 10,000 PYs),20,21 but are generally
comparable to the figures reported in diabetic
patients in the United States (4.6 per 10,000 PYs).11
Despite a decreasing trend in the overall ID of
DKA admission during the past decade in Taiwan,
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Figure 2. Age-sex-specific incidence density of diabetic ketoacidosis.
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Table 2. Independent effects of calendar year, age, and sex on diabetic ketoacidosis admission, 1997–2005
Variables
No. of DKA Annual incidence Adjusted relative risk estimate*
patients (n) density (/1000 PYs) ARR (95% CI) p
Calendar year
1997 3007 6.0 Reference
1998 3196 5.7 0.97 (0.93–1.02) 0.2805
1999 3321 5.6 0.97 (0.93–1.02) 0.2797
2000 3300 5.3 0.93 (0.88–0.97) 0.0022
2001 3558 5.4 0.94 (0.90–0.99) 0.0148
2002 3764 5.5 0.97 (0.93–1.02) 0.2392
2003 3868 5.5 0.99 (0.94–1.04) 0.6244
2004 3903 5.2 0.92 (0.88–0.96) 0.0005
2005 3925 5.0 0.89 (0.85–0.94) < 0.0001
Trend test: β = –0.0091, p < 0.0001
Age (yr)
< 5 279 259.8 91.25 (80.96–102.84) < 0.0001
5–9 542 162.2 57.29 (52.50–62.53) < 0.0001
10–14 1186 177.4 62.77 (59.03–66.75) < 0.0001
15–19 1680 132.8 46.96 (44.53–49.51) < 0.0001
20–34 5253 47.4 16.79 (16.20–17.40) < 0.0001
35–49 8752 9.8 3.43 (3.33–3.54) < 0.0001
50–64 6800 3.1 1.08 (1.05–1.12) < 0.0001
≥ 65 7348 2.8 Reference
Trend test: β = –0.0842, p < 0.0001
Sex
Male 16,716 5.8 1.04 (1.02–1.07) 0.0001
Female 15,053 5.0 Reference
Total 31,842 5.4
*Based on Poisson regression model with calendar year, age, and sex simultaneously included in the model. DKA = diabetic ketoacidosis;
PYs = person-years; ARR = adjusted rate ratio; CI = confidence interval.
Table 3. Rates of readmission and in-hospital mortality in the same year among diabetic ketoacidosis
inpatients in Taiwan, 1997–2005*
Readmission patients In-hospital mortality
Year No. of patients (n)
n (%) 95% CI n (%) 95% CI
1997 2565 313 (12.2) 11.9–12.5 43 (1.7) 0.6–3.9
1998 2732 326 (11.9) 11.6–2.2 54 (2.0) 0.1–3.9
1999 2856 345 (12.1) 11.8–12.4 56 (2.0) 0.1–3.9
2000 2835 330 (11.6) 11.3–12.0 30 (1.1) 2.4–4.5
2001 3047 349 (11.5) 11.1–11.8 51 (1.7) 0.4–3.8
2002 3195 387 (12.1) 11.8–12.4 50 (1.6) 0.7–3.8
2003 3259 397 (12.2) 11.9–12.5 49 (1.5) 0.8–3.8
2004 3254 437 (13.4) 13.2–13.7 38 (1.2) 1.8–4.1
2005 3279 420 (12.8) 12.5–13.1 55 (1.7) 0.3–3.7
Total 27,022 3304 (12.2) 12.2–12.2 426 (1.6) 0.8–2.3
*Data presented as n, n (%) and 95% confidence interval.
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children and adolescent diabetic patients still ex-
perience higher risks of DKA. Most importantly,
we noted a sharp rising trend in female childhood
and adolescent diabetes (aged < 20 years), which
deserves particular attention from clinicians and
healthcare policy makers, who should consider
implementation of more aggressive care in young
female diabetic patients.
Types of diabetes are not clearly differentiated
in the ICD-A codes of the NHI dataset, therefore,
we could not classify types of diabetes in our study.
Although type 1 diabetes is known to be associ-
ated with a higher risk of developing DKA, it might
also be precipitated in patients with type 2 diabetes
during severe infections and other concurrent ill-
ness,4 and less often, as a presenting manifestation
of type 2 diabetes, a disorder called ketosis-prone
type 2 diabetes.22 In a community-based popula-
tion study in residents of Rochester, MN, the
United States, over a 52-year period,23 42% of DKA
identified was attributed to juvenile-onset diabetes
or type 1 diabetes. In adult patients with DKA, 
in contrast, Westphal has reported that 47% and
26% were classified as type 1 and type 2 diabetes,
respectively, whereas the remaining 27% were
presented as initial manifestations of disease.24
Similarly, in a study in Taiwan, Yan et al observed
that among 141 episodes of DKA in adults, 54.6%
were caused by type 2, 22.7% by type 1, and 22.7%
by new-onset diabetes.25 Irrespective of types of
diabetes, the standard care of DKA patients in
type 1 and type 2 diabetes is reported to be the
same, with meticulous intravenous insulin infu-
sion with concomitant glucose, sufficient fluid
and electrolyte replacement, and attention to as-
sociated problems.26
Over a 9-year period, the ID of DKA admis-
sions showed a 9.3% of reduction in Taiwan. 
A nationwide “share care” program was imple-
mented in Taiwan in 1996, which aimed to pro-
vide comprehensive and continual ambulatory
care services to diabetic patients.27,28 Research has
indicated that the share care model has effec-
tively upgraded the care accountability and has
significantly improved the quality of diabetic
medical care systems in Taiwan.27 Such increases
in availability and improvement of medical care
delivered to diabetic patients might have been
responsible for the observed reduction in DKA
emergency incidence in Taiwan. However, it is
still necessary to distinguish between statistical
significance and clinical significance. Previous
studies have reported that the case-fatality rates
for DKA in developed countries were estimated at
5–10%.4 In Taiwan, the case-fatality rate of DKA
in a tertiary referral medical center in southern area
was reported to be 17%.29 Given a total number
of 782,027 diabetic patients in 2005 and a de-
crease in incidence of DKA by 1 per 1000 from
1997 to 2005, we estimated that some 782 inci-
dents of DKA were avoided in Taiwan. Together
with the above case-fatality rates, we estimated that
some 39 (if case-fatality rate was 5%) to 132 (if
case-fatality rate was 17%) deaths from DKA were
prevented in 2005. 
Although we noted a greater reduction in risk
of DKA admission among male than female pa-
tients (12.9% vs. 5.8%), male patients were still
more vulnerable to emergency admission for DKA,
which is consistent with the findings of previous
studies in Denmark,20 Korea,10 and Pakistan.30 It
has been reported that male diabetic patients have
a higher prevalence than female patients of ketosis-
prone type 2 diabetes and idiopathic type 1 dia-
betes, both of which are positively associated with
a higher risk of developing DKA.12,31 Another
possible reason for a higher risk among male dia-
betic patients could be the fact that men are usually
less likely to report symptoms or chronic condi-
tions (such as diabetes), and are also less likely to
have visited health agencies.32 Thus diabetic men
tend to have poor health-related behavior, such as
neglect in the recognition of the symptoms of 
diabetes, which might lead to an increased risk
of DKA admission. 
Although female diabetic patients were found
to have a lower overall risk of DKA admission than
male patients, those aged < 20 years were found to
have significantly (p < 0.05) higher IDs than male
patients of the same age. Additionally, we unex-
pectedly noted a significant and sharp rising trend
in DKA admission in those young female patients,
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despite both sexes showing an overall reduction
in DKA admission over the study period. A recent
study by Tseng et al33 has shown that, in Taiwan,
female diabetic patients aged < 15 years have a
greater risk than male patients of development of
type 1 diabetes. Additionally, national surveillance
of diabetes in Taiwanese school children aged
6–18 years from 1992 to 1997 has shown that
there was a preponderance of girls in the diagnosis
of type 1 and type 2 diabetes.14,34 As 10–22% of
new-onset diabetes is present with DKA,4 the high
incidence of diabetes in Taiwanese girls might have
contributed to the rising trend in DKA admission
in young female patients in our study. Some pre-
vious studies also have shown that girls with dia-
betes are at a greater risk of DKA incidence than
boys with diabetes.8,35–37 In a German study, the
frequency of DKA was higher in girls than in boys
aged < 15 years (28.9 vs. 23.8%; p= 0.0079).8 Sim-
ilarly, female sex was also a predictor of DKA in
childhood type 1 diabetes in a Canadian study.37
After a 15-year observation in Australia, Bui et al
reported that there was a female preponderance
of childhood and adolescent DKA in both re-
lapsers and non-relapsers.36 Insulin omission or
intentional insulin under-treatment is common
in female adolescents with diabetes,38,39 which is
a major precipitating cause of DKA.40 It has been
reported that, to have a better body image, girls
with diabetes often omit insulin injections to avoid
weight gain.41 Moreover, Rodin et al reported that
young female patients with type 1 diabetes tend
to have a relatively high prevalence of eating 
disorders, which might contribute to impaired
metabolic control, and consequently result in
hyperglycemia and DKA.42 Given the high inci-
dence and rising trend in DKA admission noted
among female children and adolescents with di-
abetes in recent years, there is an urgent need for
research to establish the real reasons that have
contributed to such a phenomenon. Clinicians
and public health policy makers should both
consider implementing more aggressive and eff-
ective care, including health education and com-
munication, to young female diabetic patients to
lower the incidence of DKA emergencies.
There was a clear inverse dose gradient between
age and risk of DKA admission in our study. Very
high relative risks of DKA were noted in the dia-
betic patients aged < 20 years, irrespective of sex,
which could result in a huge potential loss of life
to our society. Poor control of diabetes is also a
precipitating factor for DKA. In a study of type 1
diabetes in Asia and the Western Pacific Region,
hemoglobin A1c in Taiwanese patients aged < 18
was 8.9 ± 1.6%, which is worse than that in
Australia, Hong Kong, Japan and Singapore.43
O’Connor et al stated that younger diabetic pa-
tients tend to have poor glycemic control, poor
health-related behavior, and less frequent clinic
visits and regular assessment of diabetes-related
complications compared with individuals older
than 65 years.44 Whether the above behavior-
related factors account for, at least partially, the
very high risk of DKA in children and adolescents
deserves further investigation. Our findings high-
light the importance of providing children with
diabetes with more clinical care, with particular
attention to those aged ≤ 15 years. Our findings
might also justify a more intensive screening pro-
gram that targets this vulnerable segment of the
diabetic population. Meanwhile, because omis-
sion of one or two doses of insulin can precipitate
DKA in type 1 diabetes, the psychosocial impact of
insulin injection on children and their families
should also be a concern for clinicians.
Some limitations of this study should be ac-
knowledged. First, the accuracy of a single diabetes
diagnosis in the NHI claim data in 2000 was re-
ported to be 74.6%,35 but we used at least two
diabetes-related diagnoses with the first and the
last visits > 30 days apart, which largely reduced
the likelihood of disease misclassification. Simi-
larly, our diagnosis of DKA was counted only on
ICD diagnosis (250.1), so that all DKA patients
might not have fulfilled all three biochemical cri-
teria,45 and we could have overestimated the
number of DKA cases. Second, because some am-
bulatory care diagnoses were coded with A-codes,
and there was a lack of complete history of dis-
ease for the study patients, we were unable to dif-
ferentiate between type 1 diabetes, type 2 diabetes,
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and newly diagnosed diabetes, which also limits
specific interpretation of the study results. Third,
we had no information on study subjects’ prior
histories of DKA, which could spuriously have
overestimated the incidence rate of DKA in our
study population, but it would have had little in-
fluence on the relative risk estimates of DKA in
association with calendar year, age, and sex.
In conclusion, although the risk of DKA ad-
mission has declined in recent years in Taiwan, this
epidemiological study showed a clear rising trend
in the risk of DKA admission in younger female
patients aged < 20 years. Younger patients of both
sexes still experienced a high risk of DKA admis-
sion, which could justify more aggressive diabetic
care programs and intensive screening, with an
emphasis on younger patients, to reduce further
this emergency complication of diabetes.
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